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ABSTRACT
Molecular markers are long proposed as suitable
for fingerprinting of crop species. With the devel-
opment of the techniques the attention has shifted
from protein to DNA-based markers as age-, tis-
sue- and status-independent and, therefore, more
reliable and reproducible. Several such markers
(RFLP, RAPD, AFLP, SSR) were used in cotton for
developing a high density genetic map for genomic
studies and with the prospect for marker-assisted
selection. The availability of these markers, together
with the existing possibility for genetic transfor-
mation of the crop, make the development of DNA
fingerprints for the varieties an issue of rising
interest among breeders and seed companies. To
the best of our knowledge no concentrated effort
for developing such fingerprints has been made
up to now in spite of the several reports proposing
the potential usefulness of microsatellites and AFLPs
in this respect.  Here we present our work on com-
paring applicability of three types of molecular
markers (microsatellites, AFLPs and SAMPLs) to-
wards establishing a reliable, reproducible and
relatively inexpensive protocol for DNA-fingerprint-
ing for cotton. Furthermore, the intended transfer-
ability to the widest possible range of laboratories
and, therefore, bringing it the closest to the
breeders fields, was attempted through the re-
placement of the standard radioactive DNA label-
ing procedure with the less hazardous silver stain-
ing protocol.  The outcomes and the possible ex-
tensions of the present work are discussed.
Introduction
Molecular markers are long proposed as suit-
able for fingerprinting of crop species. With the devel-
opment of the techniques the attention has shifted from
protein to DNA-based markers as age-, tissue- and
status-independent and, therefore, more reliable and
reproducible. Several such markers /RFLP, RAPD, AFLP,
SSR/ were used in cotton for developing a high density
genetic map (Reinisch et al., 1994; Shappley et al.,
1996; Shappley et al., 1998; Brubaker et al., 1999;
Rungis et al., 2002; Ulloa et al., 2002), genetic diver-
sity evaluation (Franco et al., 2000; Abdalla et al.,
2001; Brubaker and Wendel, 2001; Kaur and Chahal,
2001; Rana and Bhat, 2002) and with the prospect for
marker-assisted selection (Kohel et al., 2001; Reddy et
al., 2001; Rungis et al., 2002). The wide availability of
these markers, together with the existing possibility for
genetic transformation of the crop, make the develop-
ment of DNA fingerprints for the varieties an issue of
rising interest among breeders and seed companies.
To the best of our knowledge no concentrated effort for
developing such fingerprints has been made up to now
in spite of the several reports proposing the potential
usefulness of microsatellites and AFLPs in this respect
(Multani and Lyon, 1995; Wang et al., 1997; Agrawal
et al., 1999; Song GuoLi et al., 1999). No publication
is available so far on the use of SAMPL markers in cot-
ton. This technique is considered to have a high multi-
plex ratio like AFLP, and some degree of locus specific-
ity like SSRs, which would make it the most efficient of
all the molecular markers known so far (except of course
SNPs, that have yet to be used in plant systems in any
significant measure) (Roy et al., 2002). Here we present
a comparative study of the three marker systems (SSR,
AFLP and SAMPL) with regard to their application as
DNA-fingerprinting technique. Predominantly the geno-
types from G. hirsutum and G. barbadense were con-
sidered, as these are the most widely used species.
Experimental procedure
A working collection of 141 G. hirsutum, 22 G.
barbadense and 19 other (representing cultivated and
some wild diploid species) accessions from the CIRAD
gene bank was chosen for this study. DNA from each
accession was extracted from young fully expanded
leaves according to the supplier recommendations of
the commercially available DNA-extraction kit used
(Qiagen Plant DNeasy Kit).
The SSR markers used were developed either at
Brookhaven National Laboratory (further referred to as
BNL) or CIRAD (further referred to as CIR). The BNL
microsatellites are all derived from G. hirsutum cv. Acala
Maxxa genomic libraries enriched for GA and CT in-
serts according to Ostrander et al. (1992). Primer se-
quences used are available at http://
demeter.bio.bnl.gov/acecot.html. CIR microsatellites are
derived from genomic libraries enriched for CA repeats
as described in Lacape et al. (2003). SSR analysis con-
ditions were as described in Risterucci et al. (2000).
AFLP analysis was performed using the Life Tech-
nology AFLPTM analysis system I (Gibco BRL,
Gathersburg, Md., USA) using the two step amplifica-
tion as described by Vos et al. (1995). The protocol
was as recommended by the supplier with minor modi-
fications as detailed in Risterucci et al. (2000). Prelimi-
nary screening for determination of the most suitable
primer couples for fingerprinting was performed using
22 G. hirsutum accessions and the G. barbadense vari-
ety VH8 as an outlier. Eight EcoRI+3 and 8 MseI+3
primers were used in total in the selective amplifica-
tion, making 64 EcoRI/MseI combinations. After deter-
mination of the primer couples producing the highest
number of polymorphic bands, they were further tested
on the entire working collection.
SAMPL is a modified AFLP technique in which
adapter-ligated restriction fragments of a conventional
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AFLP are used, but the final PCR amplification is
achieved using primers which differ from those em-
ployed in AFLP. One of the primers is chosen to anneal
at fixed point of a SSR motive, and the other is an AFLP
primer that is designed on the basis of the sequence of
the synthetic adapter for the MseI restriction site, and
carries 23 selective nucleotides (Witsenboer et al.,
1997). SAMPL analyses were based on the AFLP tech-
nology detailed above, with one modification - SAMPL
primers, labeled with (-33P-ATP, were used in place of
the selective EcoRI-adaptor annealing AFLP primers in
the final amplification step. A total of 10 SAMPL prim-
ers (Table 1) were tested for their ability to produce poly-
morphic bands, each in combination with the 8 MseI+3
primers from the same AFLP kit as above, thus result-
ing in a total of 80 primer couple combinations.  These
were tested on the same small group of 23 accessions
as in the initial testing of the AFLPs to which 7 Bulgar-
ian genotypes (all from G. hirsutum) were added.
Results
Some preliminary data (Lacape et al., unpub-
lished) showed, that out of 28 SSRs only one had 10
alleles, and one had six alleles in a tested G. hirsutum
population. All other microsatellite markers had 4 and
fewer alleles. This indicated that a possibility to identify
sufficiently polymorphic SSRs exists (for the purposes of
present study, we would consider as highly polymor-
phic the SSRs with six and more alleles relatively evenly
distributed in G. hirsutum), but the cases of such
microsatellites would be quite rare. Our attempts to
identify more such markers failed, as all nine additional
SSRs we tested on 141 G. hirsutum genotypes had four
or less alleles, often with quite skewed distribution (Fig-
ure 1). Testing the same SSRs in the G. barbadense
background, showed that in spite of the significantly
smaller number of the G. barbadense accessions used
(22 in total), the overall number of observed alleles per
SSR marker was not inferior (Table 2). The statistical
analysis of the data showed that the polymorphism in
G. barbadense is significantly higher as revealed by
this type of markers (data not shown).
As expected, the AFLPs revealed significantly
higher number of polymorphisms as compared to SSRs.
The polymorphic bands observed per reaction varied
to a great extent between the primer couples (data not
shown). This allowed for the selection of three primer
couples to be tested on the entire working collection of
182 accessions. Running these primer couples on the
141 G. hirsutum accessions allowed to identify not only
markers that are rather evenly distributed, but also the
ones that are specific to just one (or a very few) geno-
types as well (Figure 2). Such markers are highly infor-
mative in achieving the intended fingerprinting of par-
ticular genotypes. Once again, the accessions of G.
barbadense origin showed higher polymorphism than
those belonging to G. hirsutum.
As expected from the technique design, the SAMPL
markers showed intermediate polymorphism to that of
the AFLPs and SSRs (Figure 3). Similarly to the AFLPs,
SAMPLs revealed a number of polymorphisms, rela-
tively equally distributed between the G. hirsutum ac-
cessions as well as some unique bands, present in single
accessions of the set. Unfortunately, none of the 80
primer couples tested showed sufficiently high number
of polymorphisms to be compatible to AFLPs, or the
typical co-localization (for at least some) of the bands
as usually observed in a SSR reaction (data not shown).
Discussion
The results from testing 37 microsatellite mark-
ers demonstrated that for the moment they should not
be advised for use for fingerprinting, especially if large
numbers of accessions have to be identified. Having
revealed in too many cases too few polymorphisms
within the G. hirsutum genotypes, high number of these
markers will be needed to resolve any collection of such
genotypes that is of reasonable size for breeding for
example. In the present study, where the accessions
tested were chosen with the intention to represent the
broadest spectrum of genotypes from around the world,
the use of almost entire set of tested SSRs (excluding
the monomorphic ones in this background) was needed
to resolve 141 G. hirsutum accessions. This means that
the use of SSR markers is impractical at this stage and
will stay such unless more highly polymorphic (with more
than 6 evenly distributed in the studied collection alle-
les) SSRs are identified. Due to a much higher poly-
morphism these markers could still be considered for
use in G. barbadense, especially when silver staining
would come out as the only revealing technique of
choice, due to practical reasons discussed in more de-
tail below.
The fact that in the initial screening of the 64 AFLP
primer couple combinations it appeared possible to
resolve the 23 accessions used at that stage with just
one primer couple (data not shown), demonstrated the
power of this technique for use in DNA fingerprinting.
The preliminary evaluation of the ability of the AFLP
primer couples to reveal available polymorphism al-
lowed to significantly reduce the number of tests to be
run on the larger set of working collection accessions.
It is the combination of a significant number of evenly
distributed through the G. hirsutum accessions markers
together with the presence of unique (or very rare) ones
(Figure 2), revealed in the same reaction, that made
the AFLPs our technique of choice for achieving finger-
printing of the genotypes with a minimal number of
PCR reactions. The theoretical expectations (if a ran-
dom appearance of the observed markers would have
been presumed) were pointing to the possibility to re-
solve our working collection of G. hirsutum accessions
with just one primer pair. However the well established
genetic bottleneck in the origin of the modern upland
cotton varieties (Small et al., 1999; Iqbal et al., 2001)
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did not allow for such assumption. Therefore three of
the primer couples that revealed the highest number of
polymorphisms in the preliminary tests were run on the
working collection. After analyzing DNA patterns ob-
tained we have found that the entire set of 141 G.
hirsutum accessions could be resolved with just two
primer couple combinations. This means that it is pos-
sible to fingerprint any of these accessions with using
just two of the 64 primer couples (from a commercially
available AFLP kit), therefore significantly reducing the
labor and consumables needed for this purpose. With
the higher polymorphism rate observed in G.
barbadense the same resolution might be possible for
similar number of accessions with a single primer
couple, but our present set of just 22 accessions from
this species does not allow us to be more affirmative to
that point. Even if that is not the case, we believe the
results of the present study indicate that developing of
DNA ID cards for the cotton varieties would be rela-
tively quickly and inexpensively achieved with the use
of AFLPs, if such is to become a standard practice in
the future.
Attempts to use SAMPL technique did not result
in the satisfactory levels of revealed polymorphisms in
the tested set of 30 accessions (Figure 3). This of course
is true only in comparison with the results obtained us-
ing AFLPs. Our expectations that through using this tech-
nique combining of the high number of observed poly-
morphisms with the ability to identify increased num-
ber of co-dominant markers will become possible were
not confirmed in spite of rather large number of primer
combinations used. As demonstrated in Table 1, we
tried to use 3 types of SAMPL primers. These were an-
chored either on the compound motive (as described
originally in Morgante and Vogel, 1994  primers
SAMPL1 to SAMPL6), on the 5 end of the repeat se-
quence (as described originally in Vivek and Simon,
1999  primers SAMPL7 and SAMPL8) or on the 3 end
of the repeat (primers SAMPL9 and SAMPL10). Unfor-
tunately none of these primer designs resulted in the
presence of co-dominant markers in the tested group
of 30 genotypes. As the number of polymorphisms re-
vealed per primer couple in the present study was infe-
rior to that of AFLP technique we did not consider SAMPL
primers for testing on the entire working collection as it
seemed obvious that more PCR reactions would be
needed to achieve the same level of resolution as with
AFLPs.
For the purposes of making DNA fingerprinting
accessible to as wide range of laboratories as possible
a comparison of the radioactive labeling and the sil-
ver staining of the PCR products from the same reac-
tion was made. It demonstrated that a number of fainter
(as revealed by radioactive labeling) bands are lost
when the second approach is used due to its lower sen-
sitivity. The resolution was even further decreased when
attempts were made to photograph the silver stained
gels for long term preservation of the obtained pat-
terns. Altogether that results in significant decrease of
the number of scorable bands from the stored images
of the gels. Depending on the relatedness and size of
the genotype collection to be fingerprinted this could
result in the need to significantly increase the number
of PCR reactions, therefore increasing the cost per fin-
gerprint. Our second concern with this revealing tech-
nique is that only processed images of the original gels
can be stored long-term, as keeping the stained gels is
impractical. However this would mean losing of the raw
data from the assays, which might appear as crucial
difference between this and radioactive revealing of
that data in some cases (for example when variety iden-
tification will be needed for breeders rights protection).
Of course where the laboratories do not have the au-
thorization to work with radioactive material, silver stain-
ing will still be the only technique of choice. As dis-
cussed above, it might as well be equally sensitive to
the use of the radioactivity, especially in the cases where
the use of SSRs will be justified. Studying a small num-
ber of genotypes, groups with higher diversity (as seems
to be the case for G. barbadense collections), or iden-
tification of additional highly polymorphic SSRs (with
more than 6 alleles in the studied group) would be just
a few examples when it might prove fruitful.
Based on our experience with these three marker
types and two band revealing techniques at present we
would recommend the use of radiolabelled AFLPs where
large numbers of accessions are to be fingerprinted
and all the needed authorizations are obtained.
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Table 1. Sequences of adaptors and primers used in the SAMPL reactions1.
Table 2. Range of observed alleles of the SSR markers in the two most common commercial cotton
species. The number of tested accessions is 141 for G. hirsutum and 22 for G. barbadense.
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Figure 1.
Example of skewed
microsatellite allele
distribution. A single
polymorphic band (arrow)
is observed in a subset of
G. hirsutum accessions
from the working collec-
tion.
Figure 2.
An example of AFLP
marker distribution in a
subset of G. hirsutum
accessions from the
working collection.
Different types of makers
are clearly distinguish-
able: monomorphic
(dotted black arrows),
polymorphic (solid white
arrows), and unique (solid
black arrows).
Figure 3.
An example of SAMPL
marker distribution in the
tested subset of 29 G.
hirsutum accessions. Lane
12 is G. barbadense
variety VH8, lanes 14 to
30 represent two groups
of presumably closely
related genotypes (lanes
14-23 are varieties and
lines of Brazilian origin;
lanes 24-30 represent
seven varieties and lines
of Bulgarian origin).
